CHAPTER V
CHEMICAL COMPOSITION
5.1 Introduction

Chemically, corundum contains two aluminum atoms and three oxygen atoms

that lead to average of 52.91% aluminum and 47.08% oxygen by weight. Corundum is

Corundums often contain certam

colorless when it is in pure form. In natu olorless corundums are however very rare.
3 known as chromophores, such as

chromium, titanium, iron, vanadi rot:ibly m, even with very small amount;
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consequently colors are pro
Ca, may also be found as t

Corundum i
chromophoric transition me
and producing electromagin
present in corundum as impuriti
may be present in the corundu

multiple ions of the same element, and@ somb!
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often in multi-valence stag and where mlxeé er a great variety of colors are

produced.

Study of trag composi
methods. Energy Dispersive X-ray. Fluorescence pectrometer (EDXRF) technique is initially

applied 1o ana.yzeﬂéu.};dt@ of bk Lok Vel Sinbied of five color varietes

These data are used to compare statistically among them and to investigate causes of color
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charactenstlc in the next chapter. However, the EDXRF method is limited to analytical

ea corurﬂjms are separated into two

accuracy therefore, Laser Ablasion-Inductively Coupled Plasma-Mass Spectrometer (LA-ICP-
MS) was also used to analyze quantitatively trace elements in Songea corundums. However,
operation cost of this method is extremely high, only some samples were selected for this
analysis. These quantitative analyses can be used to explain the cause of color and potential

for heat treatment.
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5.2 Energy Dispersive X-Ray Fluorescence

Chemical elements in these corundums were firstly analyzed for Fe, Ti, Cr, Ga
and V contents by using an EDXRF Spectrometer, model OXFORD, ED2000 at the Gem and
Jewelry Institute of Thailand (GIT) (Figure 5.1). Among fifty two samples, thirty seven samples
have homogeneous colors that can represent all five color varieties; their analytical results are
summarized in Table 5.1. The other samples contain color patches or zones which their

results are presented in Appendix B

Table 5.1 Ranges, ave F analyses yielded from 37

/.. -
samples representing all five color varieties.

‘o

Oxide (Wt.%) Rﬂaw E r}rﬁﬁy ? W M ﬂ@ variety Colorless

(12 gnbles) (8 Samplei) ' (4 samples) (10 samples) (3 samples)
Fe, O, range 1.04-1 ;ﬂﬁ 1,13~ g 1.21-2.26
o ARIAIN ST URIBVIY TR ree
Cr,0, range 0.05-0.54 <0.14 <0.03 <0.05 <0.07
MeanzS.D. 0.21+0.15 0.04+0.04 0.02+0.01 0.01+0.02 0.04+0.03
Ga,O, range <0.01 0.01-0.02 0.01-0.02 0.01-0.02 0.01-0.017
MeantS.D. 0.01+0.01 0.01+0.01 0.01+0.01 0.01+0.01 0.01+0.01
TiO, range 0.03-1.37 0.01-0.23 0.02-0.16 0.02-1.09 0.04-0.24
MeantS.D. 0.18+0.38 0.09+0.08 0.08+0.06 0.18+0.33 0.14+0.10
V,0, range <0.04 <0.02 <0.01 <0.03 <0.01
MeanS.D. 0.01+0.01 0.01+0.01 0.01+0.01 0.01+0.01 0.01+0.01




54

5.3 Result

As expected the red variety contains generally high contents chromium (Cr,0,
0.05-0.54 wt.%, av. 0.21 wt.%) and iron (Fe,O, 1.04-1.69 wt.%, av. 1.33 wt.%). Titanium (TiO,
0.03-1.37 wt.%, av. 0.18 wt.%), vanadium (V,0, <0.04 wt.%, av. 0.01 wt.%) and gallium
(Ga,0, <0.01 wt.%, av. 0.01 wt.%) are found in minor to trace amounts.

The purple variety contains lower chromium (Cr,0, <0.14 wt.%, av. 0.04 wt.%)

as those of the red variety but approximately,the. same iron content (Fe,O, 1.01-1.91 wt.%, av.

1.32 wt.%). Contents of other elem same as those of the other varieties;

01 -0.23 wt.%, av. 0.09 wt.%) and

vanadium (V,0, <0.02 wt.%, ). ! | .
The blue vaﬂ? fave h Nts (Fe,0, 1.13-2.06 wt.%, av.
i (€ 06 Vit 958y 0.02 wt.%), gallium (Ga,0,
\ ONS wt.%) and vanadium (V,0Oq

1.43 wt.%) while the conte
<0.02 wt.%, av. 0.01 wt.%), ti

The yellow varie tent (Fe,O, 1.03-4.39 wt.%, av
1.58 wt.%). Contents of the other mg&r low; chromium (Cr,0, <0.05 wt.%,
av. 0.01 wt.%), gallium (Ga,0, <0.02 W%, & %), vanadium (V,0, <0.03 wt.%, av

ot "J"'.:r ok

0.01 wt.%) and titanium (Tﬂe 0.02-1.09 wt.%, av.
1.09 wt.%).

rgg‘-samples show values up to

The colorless}nety a iron @\tents (Fe,0;1.21-2.26 wt. %,

av. 1.56 wt.%) while contents @fsether elements are very low; chromium (Cr,0, <0.07 wt.%,

av. 0.04 wi%) t.tanﬁ}%gd oo Zitdolad- 318N deligmd(Ga,0, <0.02 wess, av.

0.01 wt.%) and vanadlum (V,05 <0.01 wt.%, av. 0.01 wt.%).

YD RAR FRIHIEA TR i oty oo
graphically sh%wn in Figure 5.2. In general there are rather high in Fe,O, contents and low in
Ga,0,, V,0O4 contents. As expected, the highest Cr,0O, content are recorded from the red
variety while those of the violet variety are somewhat lower. The highest TiO, contents are
found in the red and yellow varieties. Unexpectedly, the blue variety does not yield TiO,
values as high as those of the red and yellow varieties, even purple and colorless stones still
have average TiO, higher than those in blue samples. However, analytical errors are clearly
large as shown by the error bars in Figure 5.2; therefore EDXRF analyses should not be

conclusive evidences.
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Figure 5.2 Average of trace elements revealed as symbols obtained by EDXRF and their

standard deviations in form of lines.
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5.4 Laser Ablation-Inductively Coupled Plasma-Mass Spectrometer

Seven samples from Songea were selected for trace analysis using Laser
Ablasion-Inductively Coupled Plasma-Mass Spectrometer (LA-ICP-MS) at Macquarie
University, Australia (Figure 5.3). These samples are unfortunately were selected from only 3
color varieties; i.e. red, purple, and yellow varieties. Besides some samples are bi-colors.
Samples were polished until they have smooth surfaces for good analytical condition. The
samples were put in resin block and held yvit? glue tape, and then they were put in the

vacuum chamber attached with microscope an@/Wnitor. When the analysis started, a

laser beam was drilling into the-sample andJleavfn ~a-small hole about 100 lm on the

— ————

surface representing the anzl:zo?’p’ﬁin AFigure 5.4). At-least three analytical points were

selected and analyzed for e S e /having hemogeneous color. More analytical points

ribz ) in some samples (see Figure 5.4)

were done to cover all color

Figure 5.3 Laser Ablasion-Inductively Couple Plasma Mass Spectrometer (LA-ICPMS) at

Macquarie University, Australia was assumed to their major and minor trace

compositions.
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Sample sgab of red variety Sample sga4 with bi-colors of pink and

(color code R7/3) near colorless (color code 0O4/3, 0Y2/3)

b

o

Sample sgd99 shows bi-colors of parplish red fim. Sample sga7 of purple variety
and purplish blue core (color codé P6/4; bP3/1) j'-'“._’;' % (color code vI.P3/1)

£

Sample sga18 of yellow variety (color code
YG/GY2/1) (color code vl.oY2/3)

Figure 5.4 Laser drill holes in 7 samples of Songea corundum analyzed using LA-ICP-MS.
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5.5 Result

Table 5.2 presents trace analyses in atom mole ppm of each analytical point
in all seven samples. Color appearances at those analytical points are also specified in the
table. Statistically, the results of all analyses are quite similar in the same color of each
sample. As expected from the analytical results Cr contents are rather high in the red variety

but lower in the violet variety (as well as orange samples) and almost none in the yellow
varieties (Table 5.2). The analytical results, also. confirm that Songea corundums usually

contain high Fe content, whereas QQ }/re very low. However, Ga contents
AN 7 ,
seem to be more consistant in mom ari3ies
—

g&: while V contents are moderately
T ——

iumgapg;awchigher concentrations in the
utple to\es.%ontrast to those analyzed by
“ons tin most.c

different in different color vari

red sample and somewhat |

EDXREF, the Ti contents seer varieties analyzed.

contents of all the data points were e}'éé!téﬁid’ P

#’t'.-—lj

[
#

because the Cr contents sha/ Ia.r.g‘é' variatio in thﬂed variety to very low in the

e BN SIS NI BT e i vor

consequently set for g’l'lfferent stones and eolors. Most plats fall closely tg,and perhaps within

oot 11 ) SEA RS T IR DY BAHQ Blsracs ot

orange and pﬁrple (e.g. sga4, sgab and sgd99). Yellow shades contain low Cr (sga18) to

yellow variety.

moderately high Cr content (sga4 and sga11). The significant sample sgd99 that have two
color zones (bluish purple blue and purple), show obviously different plots of both color

zones. The purple zone clearly contains higher Cr content than that of the bluish purple zone.
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It should be noted further that Mg:Ti atomic ratio of 1:1 is likely expected to
turn colorless or pink when stone is heated at high temperature either under reducing or
oxidizing environment (Haeger, 2001). Results of heating experiment will be reported in the

last chapter.

Ternary Plot

sgas (R7/3)

sga4 (0Y2/3)
sga4 (rO4/3)
sga18 (YG/GY2/1)
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Figure 5.5 Cr-T| -Mg ternary diagram of Songea corundums; that are plotted based on trace

100

analyses in different colors.
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